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ABSTRACT 


The invention provides for a device for generating, 
amplifying and detecting secondary electrons from a 
surface of a sample. The device may compme a scan- 
ning electron microscope. The invention also provides 
for a method for generating, amplifying and detecting 
secondary electrons from a surface of a sample. 

1 Claim, 1 Drawing Sheet 



09/16/2003, EAST Version: 1.04.0000 



09/16/2003, EAST Version: 1.04.0000 


1 


4,880,976 


SECONDARY ELECTRON DETECTOR FOR USE 

SE NDAJa gaseous atmosphere 


a high enough level to ionize the 


could not be raised t 

nas inside the collar. , 
8 Tte most likely explanation of Lane's observations of 
i« a ui"™«« « gas induced signal amplification is that highe^energy 

This application is a equation of 5 ^^TSjS^toS^S (electrons and- 

No. 052,700, filed May 21, 1987, now U.S. Pat. No. c ^ by ^ sciiitillator. 

4,785.182. Danilatos, Micron and Microscope Acta 14(4):307-3 18 

BACKGROUND OF THE INVENTION gSSTr^^ 

the electrons reflected or emitted fronv the <mple arc s 
detected. The sample is usually scanned within a vac 
uum to maintain the vacuum integrity of the electron 
optics column and to permit the operation of electron 

det S C C Sng samples with an electron beam within a 
vacuum presents many problems Biological specimens 
cannot survive in a vacuum for the length of toe 
needed to obtain an accurate image^ Wet specimens 
experience evaporation of their fluid content* fee 
vacuum before an accurate image can be obtained. Ob- 
jects that outgas at high vacuum require special consid- 
eration. Nonconducting samples accumulate a surface ^ 

charge which obscures the details of the samples sur- 

face and lowers the resolution of the image obtained To 

avoid the problem of accumulating charge samples can 

be coated with a thin layer of metal to enable them to 

conduct away the charge. The metal coating however, 3Q 

can damage samples such as semiconductors and there- 
fore often eununates the possibility of nondestructive 

examination. ^ 
In an early work on environmental microscopy (W. 

C Lane, "The Environmental Control Stage , Scan- 35 

ning Electron Microscopy/1970, pp. 43-48) Laws used 

an Everhart-Thomlcy system (a biased scintiUator/- 
photomultiplier) to detect electrons emitted from a 
specimen in a gaseous environment in a scanning dec- 


"The scope and efficiency of the gaseous detector 
device depends on a number of variables such as: 
(a) nature of the gas, (b) pressure of the gas [c) 
temperature of the gas, (d) electrode configuration, 
(e) electrode bias, (0 accelerating voltage, (g) uv 
tensitv of the primary beam current, (h) scanning 
speed, (i) nature of specimen." 

Danilatos concludes that a detailed study is needed to 
understand various ion pair phenomena in the system. 

" it was not possible to obtain a secondary electron 
' image for a direct comparison. Alternatively some 
sort of trajectory contrast might ^ present Fur- 
thermore, no external bias was applied, and it is not 
known to what extent the specimen and the at- 
tached electrode might have been . «df-based The 
results presented indicate that additional forma- 
tion can be obtained in the new system but the 
precise nature of this information requires further 
investigation." 

SUMMARY OF THE INVENTION 
The present invention concerns a device for generat- 
iplifying and detecting secondary electrons from 
v J . 6 , t-u. mn ,nritK a vacuum 


a sunace oi a aampi*.. ■ , 

envelope having ? pressure limiting aperture, a charged 
particle beam source located within the vacuum enve- 
lope and capable of emitting a charged particle beam 
focling means located within the vacuum envelope 
'"^ . 6 ... .. _i a ViM-m emitted bv 


tron microscope, ne maimer — : . , - 

trons emitted from the specimen surface ionized the 
cover gas (water vapor) producing free electrons that 

wasimpoliblemhisexperimental S etu P .Theiomzation 50 ^'^^^^^^^J^a to a 
energies (thresholds) of both epuOoent. of water hy- that a surface of the s*nple y ^ ^ 
drogen and oxygen, are too high to be lomzed by the charged particle beam e ^ ^ 

emitted secondary electrons and the claimed amphfea- J n J""^^™ S^posed outside of the vac- 
tion process can only occur in the area immediately ,ting aperture ^2^,^^ bet ween about 1 
above the specimen where there is substantial gas pre,- 55 uum envel *pe «dpos tform means such 
sure. The bias field of the Everhart-Thornley system from a surface of a 

cannot raise the energy of the secondary electrons suffi- hat *~?ndary latfom means ^ „. 

ciently to allow for secondary electron S1 gnal ampl.fica- ^ e £ cat ~£Lf! partic le feam emitted from the 
tion. The secondary ^™ murt aoqu«^ ugh pwedto ^ ctagedj ^ c0ntact with a 
energy to ionize the gas while still in the gas filled re- 60 charged panic d * etween the elect rode and an 

gion and the metal collar around the ?P™»«^ ground^apable of maintaining an electrical 

the strength of the bias field m this "^^8"™* ±SdKice between the electrode and the sam- 
region also only takes up a very small fraction of the P° te ^.^ IC ' C " of grea ter than about 50 volts and 
vertical distance between the detector and the ,pe«me» ^ P^Xm 2^) vofts! the electrode potential being 
and the secondary electrons can therefore only acquire 65 less than ^ ' le utform means potential 
a very small fraction of the total maximum potential positive relauve to tn p^ p ^ ^ & 

difference between the detector and speomer i before waste accelerate s a«y ^ ^ ^ 
leaving the gas filled region. Thus the electron energies surtace oi a samp 
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?™L emitted secondary electrons to collide with gas ^EEolS^suMng in a number of negative charge 

S« and produce negative charge earners which g™*^ than ^ d prop ortional to the number of 

™ subsequently produce 5 oSSScondary electrons, the strength of the electnc 

carriers through multiple collisions with other gas mol- 5 {Jg^^Sntly low so as to avoid catastrophic 

etules resulting in a number of negative charge earners ««^~dSwhar8ing or arcing. The electrical current 

greater than and proportional to the = number a ongmal e^ctncal to gmg^ ^ ga$ molecules is 

secondary electrons, the strength of the electnc held fa b detecting a signal proportional to the 

^iSLa^^^^^A^^^ ^•^o^dectronsemittedfromthesurface 

of^Stting an electron beam, focusing means located INVENTION 
within the vacuum envelope and capable °™"«*=*™ ^ eat invention provides a device for generat- 
electron beam emitted by the electron beam source 20 W™*^ d detectin secondary electrons from 
through the pressure ^l^^J^^Z S ofa Lnple. Referring in more particularity to 
sca J£ i means located within the <«™ pi^ 1, the invention comprises a vacuum envelope 1 

and capable of scanning an ^^J*?*""*?? £ £Sng . pressure limiting aperture 2. a charged particle 
the electron beam source across * e £ameterof the ^ g so ^ ce 3 locatrf within the vacuum envelope and 
pressure limiting aperture, sample platform mean, d» 25 beam & partide f 

Posed outside the vacuum envelo P e flt ^r^e of at S 4 located within the vacuum envelope capable : of 
maintaining a sample enveloped in gas at a Pressure of at ™g™ ^ ged particle beam emitted by the 

,cast 0.05 torr in registration ^ 3SS? particle beJ source through the pressure 

aperture such that a surface o^^^^^ 3 0 Umitmg aperture, sample platform means 6 dispo^d 
pc«d to an electron beam emitted from the ««tron jo urni v envelope, capable of maintaining a 

beam source and directed through the pressure hmiting ™^X£w*A in gas at apressure of at least 0.05 torr 
Sure, an electrode disposed outsideof the vacuum «Jy^2^ff **** 
envelope and positioned within 1**^. ^Jj£? Sat T surface of the sample may be exposed to a 
200miofttewtepIatfonB™.uchtot^^ ^d^cle beam emitted from the charged parti- 
ary electrons emitted from a surface of a ^ c ^ a *f 35 ^TbS source and directed through the pressure hm- 
on the sample platform means and exposed to an - elec- g 6 *™^, m eVcctrode 7 disposed outside of the 
tron beam emitted from the electron beam sourcemay ^ posit ioned within between about 

come into contact with it, a voltage source connected v ^^™Xnm from the sample platform means 
between the electrode and ^. el f m ^ f .^™ e m L^th^condary electrons emitted from a surface of 
canable of maintaining an electrical potenUal difference 40 ^J™*"™"", on ^ ^pie platform means and 

:^ P d to Charged particle^ emitted from the 
greater than about 50 volts and less than about 2000 exposed toacn g £ ^ ^ a 

S the electrode potential being positive ^relative « f^ltc^ cZcJi between the electrode and 
the sample platform means potential, so as » jccelente fc of maintammg an electneal 

secondary electrons emitted from a surface <>f * w£ 43 ^Sdifffrence between the electrode and the sam- 
located on the sample platform means with an electric of tha n about 50 vote and 

field of sufficient strength so as to cause emitted ! second- b 2000 vo fu the electrode potenUal being 

ary electrons to collide with gas molecules anoV produce less than about ^ ^ Ual 

negative charge carriers which ^.^^^ 50 State secondary electrons emitted from a 

ducc additional negative charge earners through nuto- 50 so^s to acc ^ ^ form 

pie collisions with other gas molecules resultag in a «"*«° h anelectric field of sufficient strength so as 
number of negative charge earners gr eater t^ and J^^eSiSed secondary electrons to collide with gas 
proportional to the number of P^f^^^ produce negative charge carriers which 

tro£ the strength of the electnc < field ^W^K „ ^Xeq^ently produce additional negative charge 
low so as to avoid catastrophic electneal d£=hargins s or 55 ^^^m^ple collisions with other gas mol- 
arcing, a current amplifier connected to ^lectrode m a nu ^ ber of nega tive charge earners 

and current detection means connected between the ecules r**^ proport ional to the number of onginal 
current amplifier and an electneal ground Saxy electrons, the strength of the electnc field 

The present invenuon also concerns a method tor . e ^ nai ^ lcientlv low so ^ to avoid catastrophic elec- 
generating, amplifying and detecting secondary dec- 60 beuig & ^ , 

irons emitted from a surface of a sample. The method mcai ™ B * ^ detectlon means io 

comprises scanning the surface of the sample undera nected ^ ° the ^ ^ ^ ^ 

suitable gaseous pressure with a charged particle beam co^ected ™™ application, negative charge 

^SSS^">^^^^ 65 io ^ d M " free elec ' 

with gas molecules and produce negative charge earn- particle Deam 
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gas molecules resulting in a number of negative charge 
carriers greater than and proportional to the number of 
original secondary electrons, the strength of the electric 
field being sufficiently low so as to avoid catastrophic 
i electrical discharging or arcing. The electrical current 
resulting from electrons and ionized gas molecules is 
detected, thereby detecting a signal proportional to the 
number of secondary electrons emitted from the surface 
of the sample. 
In one embodiment of the invention the charged 
0 particle beam is an electron beam. In another embodi- 
ment of the invention the electron beam has energy 
within the range from about 1 kiloelectron volt to about 
40 kiloelectron volts. In yet another embodiment of the 
invention the gaseous pressure is within the range from 


another embodiment of the invention the electrode is 
positioned approximately 10 mm from the sample plat- 
form means. In yet another embodiment of the inven- 
tion the voltage source is adjustable. 

The present invention also provides a scanning elec- 
tron microscope. Referring in particularity to FIG. 1, 
the scanning electron microscope comprises a vacuum 
envelope 1 having a pressure limiting aperture 2, an 
electron beam source 3 located within the vacuum en- 
velope and capable of emitting an electron beam, focus- 
ing means 4 located within the vacuum envelope and 
capable of directing an electron beam emitted by the 
electron beam source through the pressure limiting 
aperture, electron beam scanning means located within 

the vacuum envelope and capable of scanning an elec- a — - r - 

tron beam emitted by the electron beam source across ls about 0.05 torr to about 20 torr. In still another embodi- 
the diameter of the pressure limiting aperture, sample ment of the invention the electric field comprises an 
platform means « disposed outside the vacuum envelope electrical potential of at least about 50 volts and less 
and capable of maintaining a sample enveloped in gas at than about 2000 volts, 
a pressure of at least 0.05 torr in registration with the What is claimed is: 

pressure limiting aperture such that a surface of the 20 1. A device for generating, amplifying and detecting 
sample may be exposed to an electron beam emitted secondary electrons from a surface of a sample which 
from the electron beam source and directed through the comprises: 

pressure limiting aperture, an electrode 7 disposed out- (a) a vacuum envelope having a pressure limiting 
side of the vacuum envelope and positioned within aperture; 

between about 1 and 200 mm of the sample platform 23 (b) a charged particle beam source located withui the 


means such that secondary electrons emitted from 
surface of a sample located on the sample platform 
means and exposed to an electron beam emitted from 
the electron beam source may come into contact with it, 
a voltage source 8 connected between the electrode and J0 
an electrical ground and capable of maintaining an elec- 
trical potential difference between the electrode and the 
sample platform means of greater than about 50 volts 
and less than about 2000 volts the electrode potential 
being positive relative to the sample platform means 
potential, so as to accelerate secondary electrons emit- 
ted from a surface of a sample located on the sample 
platform means with an electric field of sufficient 
strength so as to cause emitted secondary electrons to 
collide with gas molecules and produce negative charge 
carriers which can subsequently produce additional 40 
negative charge carriers through multiple collisions 
with other gas molecules resulting in a number of nega- 
tive charge carriers greater than and proportional to the 
number of original secondary electrons, the strength of 
the electric field being sufficiently low so as to avoid 45 
catastrophic electrical discharging or arcing, a current 
amplifier 9 connected to the electrode and current de- 
tection means 10 connected between the current ampli- 
fier and an electrical ground. 

In one embodiment of the invention the electrode is 50 
positioned approximately 10 mm from the sample plat- 
form means. In another embodiment of the invention 
the voltage source is adjustable. In yet another embodi- 
ment of the invention the electron beam source is capa- 
ble of emitting an electron beam with energy within the J5 
range from about 1 kiloelectron volt to about 40 kiloe- 
lectron volts. 

The present invention also concerns a method for 
generating, amplifying and detecting secondary elec- 
trons emitted from a surface of a sample. The method 
comprises scanning the surface of the sample under a 60 
suitable gaseous pressure with a charged particle beam 
having sufficient energy so as to cause secondary elec- 
trons to be emitted from the surface of the sample. The 
secondary electrons are accelerated with an electric 
field of sufficient strength so as to cause them to collide 6S 
with gas molecules and produce negative charge carri- 
ers which can subsequently produce additional negative 
charge carriers through multiple collisions with other 


vacuum envelope and capable of emitting 
charged particle beam; 

(c) focusing means located within the vacuum enve- 
lope and capable of directing a charged particle 
beam emitted by the charged particle beam source 
through the pressure limiting aperture; 

(d) sample platform means, disposed outside the vac- 
uum envelope, capable of maintaining a sample 
enveloped in gas in registration with the pressure 
limiting aperture such that a surface of the sample 
may be exposed to a charged particle beam emitted 
from the charged particle beam source and di- 
rected through the pressure limiting aperture; 

(e) an electrode positioned within between about 1 
and about 200 mm from the sample platform means 
such that secondary electrons emitted from a sur- 
face of a sample located on the sample platform 
means and exposed to a charged particle beam 
emitted from the charged particle bean source may 
come into contact with it; 

(f) a voltage source, connected between the electrode 
and an electrical ground, capable of maintaining an 
electrical potential difference between the elec- 
trode and the sample platform means of greater 
than about 50 volts and less than about 2000 volts, 
the electrode potential being of a predetermined 
magnitude relative to the sample platform means 
potential so as to accelerate secondary electrons 
emitted from a surface of a sample located on the 
sample platform means with an electric field of 
sufficient strength so as to cause emitted secondary 
electrons to collide with gas molecules and pro- 
duce negative charge carriers which can subse- 
quently produce additional negative charge carri- 
ers through multiple collisions with other gas mole- 
cules resulting in a number of negative charge 
carriers greater than and proportional to the num- 
ber of original secondary electrons, the strength of 
the electric field being sufficiently low so as to 
avoid catastrophic electrical discharging or arcing; 

(g) a current amplifier operatively connected within 
the device to amplify the secondary electrons; and 

(h) current detection means connected between the 
current amplifier and an electrical ground. 
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